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Overview

Motivation

MINERVA detector

CC In° reconstruction

efy Separation using dE/dx

Michel electron for calibration check

Single electron final stateg fe— v t+e
andv, CCQE)



Motivation

An understanding of electromagnetic final stages |
important for v, appearance experiment

NC 7° mimicsv, CCQE (appearance signature)
when one of photon Is not detected

v, CCQE In near detector measuvgbeam
contents, which is irreducible background:{o
appearance

v, € > v tE scattering measurement gives a
constraint on beam flux



n0 Final States
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 NCx%is more interesting channel but more difficult tHa@ n°
« CCnaPreconstruction takes advantage of muon vertex

 Both NC and CGi° reconstruction study is ongoing but preliminary £Cesult is
presented today

« CCnlis valuable for understanding of resonant pion pectida



MINERVA Detector

MINERVA detector is made of a stack of “MODULESg§&next slide)

Side view

Cryogenic
Target
(Liquid
Helium)

Veto
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I |"',."_ZJ' " Active Tracker

&y /}_l serves as target (CH)
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ECAL.: Scintillator +
Lead sampling calorimeter

MINOS
Near Detector
(Not to scale)

3.5m

5mV

HCAL: Scintillator + steel sampling calorimet



Calorimeter

Fiducial volume
(~3 ton)

> —> <
278 cm 42 cm 90 cm

 Tracker: 1.7 cm scintillator plane « X, (Tracker) ~42cm
 Ecal: 2mm lead + 1.7 cm scintillator plane X, (Ecal) ~ 5cm
e Hcal: 2.54 cm steel + 1.7cm scintillator plane Tracker ~ 6 X

e Entire Ecal~8X%



Detector Module

Scintillator plane consists of

extruded scintillator strips
and wavelength shifting fibers

=

Particle

N

Extruded
scintillator strip

(WLS) fiber

Wavelength shifty

Detector frame 1/6

/ (SideHcal)
127 strips

_ Scintillator planes
(X/U/V-plane)

e X, U,V coordinates are combined to make 3D tragki



8 X-view \\\/: IU+
O \\ \\\\\.,,
CCTC | \\ - |
Reconstruction e 4V 1 td s
Va\: E()>E()
U-view

* Neutron is usually SNRINENKRECEF!

not detected & V1
 Muon track vertex £

constraingt® origin ~ V-view SEzz=a=auARRl

Strip Y2 "

» Module




X-view

Angular Scan

« X-view has better
granularity U-view

e Two gammas are
most frequently
distinguishable in X
view

* Use angular scan to  v-view
find two separate

showers _
Strip

» Module




10 X-view

Finding Matching
U and V view

U-view

e Given X for each z-
position, it finds
matching U and V
coordinates from 4
combinations of U and V

« Matching condition V-view
X=U+V

Strip

» Module
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Vertex Energy
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Events/20.0 (MeV/c?)

CC n® Mass Distribution

v, CH — n* n% X

| MINERwvA Preliminarcy
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Anti-neutrino beam
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Anti-neutrino scatters off mainly
carbon target (scintillator=CH)
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CC n® Mass Distribution with dE/dgut

v, CH— p* n® X v, CH — pn* n° X
“T; 140 MINERvA Preliminary "'“E 140 MINERvA Preliminary —+ DATA
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B A20 e R Monte Carlo 2 120 e hoT Data u* o X
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e Narrow peak is near nomina! mass, 135 MeVk
o dE/dX: 2-12MeV/1.7cm
e Vertex energy < 40 MeV
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Events/ (MeV/1.7cm)

dE/dxfor Electron and Gamma Discrimination

dE/dx (4 planes mean)

Particle Gun MC

Mean dE/dx at first 4 planes (MC)

i.
"’"’":'I__ cut: 4.35 electron
I i —
1200 — gamma
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Beginning of gamma track (pair productio

Events/ (0.26MeV/1.7cm)

Events/2.0 (MeV/1.7cm)
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Michel electron dE/dx
from (anti-) v interaction

Area normalized

5 20 25
dE/dx (MeV/1.7cm)

v, CH —» pn* n? X
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t60f wrvERA Pretiminany | ooy
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100k | * | Gamma dE/dx of z©
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o0 Tl overflowed

40 || events
0E= d L L -
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dE/dx (MeV/1.7cm)

Neutral current® is decayed into energetic gamma + tiny energy gamma

dE/dx at the beginning of shower is different fegatron and gamma
— Electron loses energy like MIP (Minimum lonizatiBarticle)

— Gamma loses energy like twice MIP
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Michel Electron

Michel electron energy dE/dx (4 planes mean] Vertex
2200

3000 S000— E
} : to : t o
- Area normalized = youe caro - Area normalized = 0 cano zuonE Area normalized =, .. caio
4000— E 2 ’
00 1200f
2000{
1000/
o 0=%o60 6500 7000 7500 6000 6500
dE/dx {M eV/1.7cm) z (mm)

e Unmatched Michel electrons
 Energy scale check between data and MC
 Nice check on calibration



dE/dxvstime

Michel electron dE/dx vs time

¥2 I ndf 95.41 /110
p0 3.957+1.314
p1 -4.799e-05 £+ 8.908e-05
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Time (in 2010)

31

e Slope ( (dE/dx)/day )= -4.799E-5 + 8.908E-5
e Slope is consistent with zero within error of sop
 Energy scale is constant over time
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v te— v +te andv, CCQE

v
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v,té-vVv, 6 +€

Vﬂ+e_> vﬂ+e
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€

Very clean physics 4.
channel but it has
tiny cross section.
(~1/2000 to neutrin
nucleon scattering)

g0—X

MC

I | it =W
60— : UMER
z electron

* Well known pure leptonic process is used toygéiux information

* v, scattering off on light electron has small centemeass energy, so it
can have only small momentum transf@f,, which produces very
forward electron final state
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Electron neutrino 7, |
fraction in flux is
small ~1%.

proton

& If recoiled nucleon is not observed, two processek similar
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+ +
V“ e— V“ e

o Current study is optimized for single electrorafistates

e

v,te-v, te It produces aery forward electron

U, e, te It can be separated from background usitéy

All can look like 4 U e
single electron MN-€ep Checkvertex activityto reject
final state —
\ V.p - €n
-
: v ALy AL L Only one of two gammas is detected
A H — dE/dx at the beginninig different from
E 62 electron
":‘5: | MINERvA Preliminary -:: 1:; 2. High energyt® decays into two gammas
g J9E20POT | o \"CCQE 156 with very small opening angle
-l (MC) — b R — Checktransverse energy distribution
o B v, COH n? 47
© 50 E>0.8 GeV v, nc-others 20
S v, ce 4
g4 E: Energy of electron candidate
5§ 0. Theta of electron candidates w.r.t. beam directio
w

%

0.005

0.01 0.015 0.02 0025 0.03 0.035 0.04

E & (GeV x radian®)
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Single EM Shower Reconstruction

Track-like shower Fuzzy shower
4.5 GeV electron
( ) %8 o 2.9 GeV electron oated bl
N 6 MeV/ gy (topologically
! — ;' (MeV) : _ connected hits)
| Thin track finder = . |solated blob finder
; - "MFIH
| E |
e Track fit
Crosstalk— |\ _ . -
T Shower cone s S
X C—EEE{'*:“:""'*_;_ / Shower cone
[ | X g [+
Z ~~~~~

 Once vertex and direction is known, shower comelaapplied

* When (thin) track finder fails on fuzzy showewleted blob
finder is used and then track fitter can handleyushower



Electron Reconstruction Efficiency
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Big theta angle electron tends to exit to side
which leaves less hits in tracking volume

particle gun is used to calculate efhicie

— Energy: 0.2 ~ 5 GeV, Theta: 0~45 deg

e Reconstruction efficiency is0.96 for small angle (angle
<10 degree, energy>400MeV)
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Events/ 0.06 degree

MC Angular and Energy Resolution

pRECO - gTRUE Energy Resolution
X X
220r — w 0.1¢
C h_angle_x_diff_deg wi =
2001 Entries 2886 | 009
180 energy>800 MeV Mean 0.005167 0.08= 4
- RMS 0.4579 - i
160 theta<lOdeg Underflow 5 0.07 I
140 Overflow 2 = s #
- %I ndf or.38/64 |  0-06F
120 = Constant 170+ 4.4 0.05
100 Mean 0.009716+ 0.007431 s
80 Sigma 0.3916+ 0.0068 0.04-
sor- .03t theta <10 degree
40F 0.025-
201 0.01=-
G: /| 5 . h—m“ 1 1 1 1 1 1 I 1 """'i—ll—l ! Il L 0: 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 | 1 | | 1 1 1 1 | 1 1
-3 -2 -1 0 1 2 3 1 2 3 4 5
degree True energy (GeV)

X-angle resolution ~ 0.4 degree

Precise angular reconstruction is critical to sefg, e elastic
scattering fromv, CCQE

Energy resolutlon. 6~ 7%
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v te€— v +e andv, CCQE

E62<0.0032 . o 0.0032<BH%<0.1
. m ,
— 00 < > Overflowed events
! E 02 S — ! E 02
D i v, e ™ g v, e
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5 100 | e = e
k: | 3.9E20 POT | v CCQE 156 B 200 3.9E20 POT | " CCQE 237
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> ! Bl v_COH n° 1 > : B v, COH n° 2
Q | e 0 ' ! 0
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* Neutrino beam
« EB0%2<0.1 GeVradian cut is used to remove background

e EO?is divided into two regions
= E0°<0.0032:v +e— v, +€ rich region
= 0.0032<B?%<0.1:v, CCQE rich region
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Small Sample Data/MC comparison
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 Small data (~ 5% to full data) is used for comnn
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Electron spectrum oft+e Elastic Scattering

Electron energy

= 35—
8 " EMINERvA Preliminary |8 ¥ © o
@ 300 3.9E20 POT | g \° cCQE 2
E 25:— v, others 0
u - B v, COH n° 0
20 B v, COH n° 7
- v, hc-others 2
151 v, cc oIl Overflowed events
10F

b 2 6 8 10 12 14 16 18 20
Electron energy (GeV)

E02<0.0032v +e— v +e€ rich region
Purity: 0.82, efficiency: 0.6

Expected signaw(+e, v.+€) Is 112 events with 24
background events

It gives ~10% statistical error on flux constraint
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v, CCQE

Overflowed events

Electron theta w.r.t beam direction Electron energy
@ 60 > F
@ s b2 v, e 5 . v, e
@  t MINERvA Preliminary = G i 1: ® SO-MINERvA Preliminary - b 1:
o - e - ~ e
S - OE0POT |\gmmv CcCQE 197 o o === 3IE20POT |y ccqe 197
= n v, others 10 & r v, others 10
T 40 B v, COH n° 2 @ goF BV _COH® 2
S B v, COH =° 62 - BV, COHT® 2|7
w39 — v, nc-others 46 300 v, nc-others 46
E V“ cC 5 s V” cc 5
20+ 20
10 103
1 i - Ll 1 | - I 11 1 | L1 1 I M LEK © m 1 :'l [BS| 1.} |
% 2 4 ® 8 10 12 14 16 18 20 % "2 4 ® 8 10 12 14 16 18 20
Electron theta (degree) Electron energy (GeV)

* 0.0032<B%<0.1:v, CCQE rich region
e Purity: 0.58, Efficiency: 0.06

o Efficiency is very low now because cuts are ot for
clean single electron final state with no vertetvay

« High energy tail is more pusg CCQE
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True vertex
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. NC #° Reconstruction

X-view Tracker Ecal Hcal (Preliminary)
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Summary

e Various EM final states are important for neutrino
oscillation experiment

 CC In° and single electron reconstruction tools are

developed and we’'re looking at data and MC
consistency

 NC nPand other EM final states are also being
studied
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(Backup Slides)
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NuMI Beamline

Muon Monitors ~ MINERVA

. Absorber
Target 08 Decay Pibe sl IIEL MINOS
g / —— I nn!ﬂ"umn’u LR [ Near Det
«————— > —> e >
10 30 «——— 'Hadron °M Rock 12m 18_m
m m 6r5m Monitor figure courtesy
Z. Pavlovic

 Movable targets to configure beam energy (low gnemedium energy etc)

e Horn current to select sign of neutrino
— Forward horn current: neutrino dominant beam
— Reverse horn current: anti-neutrino dominant beam
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X, U, V-view Matching

U,+V1= X1
Ui+V2 £ X1
U2+V1#£ X1
U2o+V2 £ X1

* Lower energyy, often has steep angle and it
doesn’t leave hlts In all three views

e Just 2-view matching is used for that
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dE/dx (MeV/1.7cm)
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Each planes’ dE/diom Michel
electrons and rock muons

Michel electron and Rock muon dE/dx vs Module

—=— Michel electron dE/dx
Rock muon dE/dx

P W

I 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 I
30 40 50 60 70 80

Module

E§l$£¥|ll “ I|IIII

* Plane to plane variation is consistent between
Michel electron and rock muon dE/dx
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v+e Elastic Scattering

Electron KE=3743.4 MeV
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